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Acceptable Aft Section temperature control was achieved with all equipment within design temperature 

limits except for an over-temperature condition for the Bay 12 Battery Module, The orbital beta angle 

for this vehicle was +20 deg and nearly constant for the entire 31 day mission. A summary of critical 

I component temperatures is shown in Table 5-2. The Battery Charge Control System protected the Bay 12 

Batteries from extreme over-temperatures and allowed for acceptable electrical system performance 

I 
I 

throughout the mission. 

The temperature level of the Aft Section equipment versus predictions is shown in Table 5-2. 

Temperatures of areas of the skin which received direct solar energy impingement had orbit average 

temperatures as much as 55° F above predictions. The cause for this anomaly is believed to be contam-

ination of the external thermal control surfaces of the Aft Section occurring during the ascent events 

I (see paragraph 5.4). The net result of this contamination was an increase in solar absorptivity of the 

white paint and bare aluminum external thermal control surfaces. The thermal design of the Aft Section 

I 
I 

is such that most equipment near these hot skins is also thermally coupled to the colder areas of the Aft 

Section, and therefore was not significantly hotter than predicted. However, the active temperature 

control scheme of the Bay 12 Battery Module is such that the batteries are directly coupled to the skin. 

The Bay 12 skin temperatures running 55° F hot tended to make the batteries run nearly 55° F hot. The 

problem was further aggravated by reduced battery electrical efficiencies at the higher temperatures 

I which also increase battery temperatures. 

I 
I 
I 
I 
I 
I 
I 
I 

Built into the electrical charge system design are relays which remove electrical charge from the 

batteries if certain temperatures are exceeded. This design worked and resulted in removing all charge 

from the batteries at approximately 98° F. Shortly after this event occurred, the batteries would begin to 

cool and would continue to cool until the charge was again applied at a lower temperature level. This 

scheme resulted in Bay 12 Battery temperatures which cycled between 88° F and 100° F, and allowed for 

acceptable electrical performance. (See additional discussion in Section 2.4). 

5.4 AFT SECTION TEMPERATURE CONTROL ANOMALY 

5.4. 1 Causes 

The possible causes for the anomalous Aft Section temperature levels are: 

Item 1 

Item 2 

Item 3 

Item 4 

Handle via Byeman 
Controls Only 

Unexpected behavior of corrugated Aft Section surfaces in direct 
sunlight (effective solar absorptivity higher than predicted). 

Improper application or preflight damage to Aft Section thermal control surfaces. 

Basic thermal design error that was not detected during thermal-vacuum 
acceptance testing. 

Contamination of external Aft Section surfaces by ascent events. 
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AFT SECTION CRITICAL COMPONENT TEMPERATURES 

Design Limits SV -1 Actuals** Nominal 

Critical Component (OF) (OF) Predictions 

EDAP 

PDJB -30/170 67/70 68/68 

CCCs -30/170 85/97 65/78 

RPS Bay 3 30/110 58/68 59/59 

RPS Bay 5 30/110 75/82 70/70 

Batteries Bay 12 35/70 88/100 46/50 

Batteries Bay 1 35/70 44/47 46/50 

PDAs -30/160 70/95 43/99 

Solar Arrays -125/225 -74/150 -75/130 

ACS 

IRA 60/130 109/111 102/102 

HSA Heads 0/130 66/80 74/75 

FCEA -30/160 103/106 88/88 

OAS 

Tank 70/100 92/96 84/84 

Quad Valve 35/200 114/118* 118/118 

Catalyst Bed 129/134* 94/100 

T&T 

Tape Recorders 20/130 88/102 80/84 

Transmitters -30/170 88/115 89/101 

PCM Master -30/170 96/122 77/81 

PCM Remote Bay 2 -30/170 61/69 58/62 

PCM Remote Bay 10 -30/170 104/110 85/89 

COMMAND 

PMU A -40/145 101/103 91/93 

PMU B -40/145 109/111 104/106 

Clock -40/153 111/113 111/113 

MCS -40/149 95/99 78/78 

RCS 

Tanks 40/140 77/98 78/78 

REM Valves ~45 100/158 95/105 

Plumbing Bay 12 35/140 91/98 75/82 

*Data with orbit adjust engine not firing. 
**Stabilized orbital operation (most equipment 70 to 90· F at lift-off). 
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Item 1 was investigated by conducting a special test of actual corrugated Mt Section panels in a 

simulated solar flux (parallel light) environment. The results of this test confirmed the validity of the 

basic design values used for the effective solar absorptivity of the corrugated panels. 

Investigation of Item 2 included a review of (1) the actual solar absorptivity and emisivity 

I measurements made before SV-l was shipped; (2) all quality assurance checks, (3) cleaning processes, 

and (4) white paint batch data. These reviews failed to reveal any evidence of improper application or 

I 
I 
I 
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I 
I 
I 
I 
I 

preflight damage of Mt Section thermal control surfaces. 

A complete review of the Mt Section thermal math model and the results of the Satellite 

Development Vehicle (SDV-3) and SV-l thermal vacuum tests was made to investigate Item 3. The result 

of this review was that the thermal math model and confirmation thereof by the thermal-vacuum tests is 

valid. 

Contamination of Mt Section surfaces during ascent (Item 4) is the apparent cause of the 

anomalous Mt Section temperature levels. Ascent events that could contribute to contamination include 

the liftoff ground cloud, Solid Rocket Motor (SRM) staging, Stage I/n separation, RV separation, Stage n 

retro, and Shroud separation. Although it is impossible to distinguish between these possible sources, 

review of available ascent temperature data, review of movies of SV-l and other vehicles during lift-off 

and ascent, discussions with other program offices, and review of prior analyses of these contamination 

sources has resulted in the concluSion that most of the contamination occurred during one or more of the 

following: liftoff, SRM staging, or shroud separation. 

Analyses of the magnitude of contamination have been made for Bays 1, 6, 8, and 12. In 

Figure 5-2, a comparison of analytical model predictions and flight data indicate a solar energy 

absorption (CII / £ ) of 0.43/0.90 for Bay 6. In addition, a comparison of analytical versus flight data for 
s 

Bay 8 (Figure 5-3) shows good correlation to Bay 6 results with a CII / E of 0.60/0.90. From the fly-
s 

reverse experiment, the data correlated with a value of solar absorptivity of 0.75 for the white paint. 

A comparison of flight data and analytical results with respect to the absorptivity is shown in Figure 5-4 

and Figure 5-5 for Bays 1 and 2 respectively. The expected characteristic of the white paint is CII =.18, 
s 

thus significant increases were noted over the entire Aft section. 

In addition, analysis of the horizon sensor fairing indicated it was contaminated. This fairing 

is protected by an ejectable cover. Therefore, a large fraction of the previously estimated surface 

contamination for the uncovered equipment doors must have occurred after SRM separation. 

Significant on-orbit temperature changes due to contamination from reentry vehicle separations, 

attitude control engine operation, orbit adjust engine use, or ultra-violet degradation of the thermal 

control surfaces were not noted. 

5.4. 2 Action for SV -2 

Since all Mt Section components other than the Bay 12 Batteries remained within their respective 
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temperature limits, SV-2 will be flown at or near the same beta angle as SV-1 (+20 deg). To protect 

the Bay 12 Batteries from overheating again, the entire Bay 12 Battery Module will be relocated to 

Bay 3 which will be vacant on SV-2 due to deletion of the Reserve Power System. Minor changes to the 

Bay 3 thermal design will be made to provide the proper environment for the Battery Module, thus insur

ing that all four Type 29's will run within limits on SV-2. 

Having insured proper temperature control of all Aft Section equipment by flying the same beta 

angle as SV -1 and relocating the Bay 12 Batteries to Bay 3, the following objectives pertaining to the 

source of the contamination and the evaluation of possible fixes will be addressed on SV -2: 

A. Distinguish source - liftoff cloud 

B. Distinguish source - SRM staging 

C. Evaluate degradation of present thermal control surfaces (white silicone, bare 

aluminum, black Kemacryl). 

D. Assess smooth skin over corrugations as a possible fix. 

E. Assess Flexible Optical Solar Reflector (FOSR) - aluminum foil with a thin layer of 

teflon as a substitute for white paint. 

F. Assess Z-93 - an inorganic, ceramic-based white paint - as a substitute for white paint. 

G. Evaluate nature of liftoff cloud contaminants. 

In order to accomplish these objectives on SV-2 the following experiments will be performed: 

A. Bay 11 

The existing Bay 11 Door will be replaced with a modified Bay 6 door. The Bay 6 door 

win not have a Horizon Sensor Fairing and the four Horizon Sensor Head holes will be used for calori

meters having white silicone, black Kemacryl, bare aluminum and Z-93 surfaces. One of the four 

calorimeter panels will be protected through the lift-off cloud event, a second panel will be protected 

through the SRM staging event, and the remaining two panels will be exposed throughout ascent. The lay-

out of this experimental Bay 11 door is shown in Figure 5-6. Orbital temperature data from these calorI imeter panels are expected to satisfy objectives A, B, C and F as stated above. 

I 
I 

B. Bay 12 

The existing Bay 12 door will be covered with a dummy corrugated door mounted on 

thermal stand-offs. This dummy door will be segmented into three different configurations: (1) dummy 

corrugations painted white silicone (like original Bay 12 door); (2) dummy corrugations covered with a 

smooth skin which is painted white silicone; and (3) dummy corrugations covered with a smooth skin 

which is finished with FOSR. This experimental Bay 12 door is shown in Figure 5-6. Thermocouple 

I data from each of these three sections on orbit is expected to satisfy objectives C, D, and E. 

I 
I 

C. Umbilical Contamination Samples 

Three boxes containing eight thermal control surface samples will be mounted on the 
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umbilical arms near the SV aft and Mid-Sections. The boxes will be closed shortly after SRM ignition so 

that the samples are exposed to the lift-off cloud but are subsequently protected from direct SRM exhaust 

impingement. The layout of these boxes is shown in Figure 5-7. Surface property data pre- and post

launch should satisfy objective G. 
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SECTION VI 
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MASS PROPERTIES, STRUCTURES AND DYNAMICS 

6. 1 MASS PROPERTIES 

The history of the Satellite Vehicle (SV) mass properties throughout the flight are given in Table 6-1. 

I Table 6-2 indicates the expendable usage for a 30-day mission plus the vehicle deboost operation. 

6.2 STRUCTURES AND DYNAMICS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

6.2. 1 Ascent Acceleration 

The axial accelerations were measured at Station 1642 and 2180 and are shown in Fig. 6-1 along 

with the design and static test levels for the complete ascent. The Significant dynamiC acceleration levels 

(measured on the SV forward bulkhead at Station 1642) are presented in Table 6-3. 

Event 

Separation from Stage II 

Solar Array Extended 

Before RV 1 

After RV 1 

Before RV 2 

After RV 2 

Before RV 3 

After RV 3 

Before RV 4 

After RV 4 

Begin Deboost 

End of Deboost 
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20608 

TABLE 6-1 

MASS PROPERTIES 
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142942.2 -1022.3 

.105687.3 -838.5 

12572.1 -911.6 

83359.0 -729.9 

87250.4 -841. 8 -172.4 

66824.8 -664.6 -574.5 -162.4 

68365.7 -708.6 -422.8 -172.6 

56999 72.0 -1192.1 

53472.8 -584.0 -1124.7 -198.8 

51115.3 -628.1 -1146.1 -201. 4 
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TABLE 6-2 

EXPENDABLES 

ALTITUDE CONTROL PROPELLANT 

ORBIT CONTROL 

DE BOOST 

FLIGHT CONTROL 

TOTAL USED 

LOAD 

ORBIT ADJUST PROPELLANT 

ORBIT MAINTENANCE 

DE BOOST 

TOTAL USED 

LOAD 

LIFEBOAT PROPELLANT 

OPERATING SEQUENCE 

LOAD 

TABLE 6-3 

PYLON RESPONSES 

Event 

Lift Off 

SRM Burn 

SRM Burn out 

SRM Separation 

Stage I (POGO) 

Stage I Shutdown 
(STG IT IC) 

Handle via Byeman 
Controls Only 

(Station 1642) 

Level g's 
Axis Zero to Peak 

Z 0.75 

Y, Z 0.5 

Z 0.5 

X, Z 0.5 

X 0.4 

X 1.0 

Y 0.4 

Z 0.8 

TOP SEe~ET REXAGON 
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AMOUNT 
(lbs) 

6 

11 

118 

135 

390 

370 

690 

1060 

2900 

o 
240 

Frequency 
(Hz) 

4.0 

4.0,4.0 

16.0 

20.0, 11. 0 

19.0 

19.6 

20.0 

20.0 
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The accelerations measured during stage 0 flight indicate no excessive dynamic loadings on the SV. 

stage n shutdown resulted in very low dynamic accelerations such that no particular fundamental mode 

excitation could be identified from the accelerometer traces. 

Of particular interest on any Titan flight is the stage I shutdown event and the fundamental longitudinal 

mode excitation phenomena. stage I shutdown is the most severe structural dynamic loading event for 

loads on local structure and payload masses. 

The maximum dynamic acceleration levels measured on the SV structure (at station 1642) are pre

sented in Table 6 -4 along with the predicted levels for that location. The predictions are based on the set 

of 27 depletion shutdown transients used as design criteria for this event. 

TABLE 6-4 

STAGE I SHUTDOWN ACCELERATIONS 

Model Results Mean + 30" 
Location Axis Flight Actual Engine 27 Engines 

Fwd Pylon X +4.3/-0.2 +4.6/-0.5 +5.38/-3.31 

Fwd Pylon Y ±0.2 ±D. 9 ±2.75 

Fwd Pylon Z ±D.65 ±1.45 +1. 9/-1. 5 

Aft Section X +4.2/+0.2 +4.5/0 

Aft Section Z ±D.2 ±D.4 

Shroud Z ±D. 6 ±1.1 

NOTES: 1. The flight data is filtered to include data for 40 cps or less. 

2. The model results are for the actual engine chamber pressure history for the flight booster. 

As can be seen from Table 6-4, the measured response levels are significantly lower than the pre

dictions. In order to compare the principal response frequencies, the accelerations measured due to 

stage I shutdown were processed to obtain the response in various frequency ranges. The response levels 

and frequencies in three frequency ranges are shown in Table 6-5. The first three longitudinal modes of 

the vehicle are identified along with the predicted frequencies. 

The fundamentallongltudinal mode response, which can occur anytime during stage I flight, reached 

its highest level shortly before stage I burnout. The maximum level measured was 0.4 g's (zero to peak) 

at station 1642 which was well below the design level of 1.0 g at the same location. 

In conclusion, the low frequency accelerometer measurements indicated no load problems during 

ascent flight. The severe loading event, stage I shutdown, resulted in response levels lower than 

expected. 
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TABLE 6-5 

BAND PASS ANALYSIS RESULTS 
(Stage I Shutdown Transients) 

Frequency 
Range 

16-18 

18-23 

23-30 

Axis 

X 

Y 

Z 

X 

Y 

Z 

z 

Frequency Acceleration 
(Hz) (g's) 

17.0 ±0.31 

17.0 ±D. 1 

17.0 ±0.2 

20.4 ±D.6 

20.4 ±D. I 

20.4 ±D.35 

29.0 ±D.l 

6.2.2 Ascent Acoustic and Vibration Environment 

Mode 

1st 
Longitudinal 

2nd 
Longitudinal 

3rd 
(Booster Tank 

Mode) 

Predicted 
Frequency 

(Hz) 

16.9 

20.6 

28.5 

The acoustic and vibration measurements are shown in Fig. 6-2. Acceptable data quality from 

all nine channels were transmitted except for a data drift problem on the microphones at lift off. Most 

severe drifting occurred on measurements 960 and 967; these channels drifted beyond their band edges and 

the data was lost for a short time. The drift was due to microphone sensitivity to static pressure pulses 

at ignition and lift off. Corrective high pass filters are being installed on the SV-2 microphone amplifiers. 

A tabulation of maximum overall sound pressure levels and Grms values are also presented in 

Fig. 6-2. The flight reading of 120 db for sensor 961 is lower than the anticipated 75% worse case 

environment. This is attributed to the very local and tranSient nature of the external shock and the benign 

flight trajectory. In general, the flight data show that test levels are not exceeded except for certain 

frequency bands. More comprehensive data reduction is under way and the test procedures are being 

reviewed with respect to the flight data; however, no changes in test specifications or procedures are 

indicated at this time. 

6.2.3 Ascent Vehicle Loads 

Launch vehicle loads were predicted for the actual wind aloft profiles obtained from Rawinsonde 

data at T-3 hours and at launch. The ground winds at launch were 8 knots from 330 0 and the maximum 

wind aloft was 42 knots from 238 0 at 43,000 feet. The predicted loads for these data were: shroud 

bending 45% of allowable, shroud side force 34% of allowable, and booster thrust vector control required 

37% of allowable capacity. 

Handle via Byeman 
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6.2.4 Shroud Temperatures and Thermal Deformations 

Handle via Byeman 
Controls Only 

The lofted-dogleg trajectory chosen for the first launch was benign with regard to both maximum 

temperature and the circumferential gradient. The measured temperatures went from a high of 245°F at 

the 10° /25° bi -conic intersection to a low of 140° F at the aft end of the shroud. The corresponding design 

temperatures were 570°F and 405°F. As a result of flying such a cool trajectory, the ability of the Invor 

Rings, which were added to prevent interference with payload, was not demonstrated. 

6. 2. 5 Solar Array 

I The history of the solar array erection and deployment are shown in Fig. 6-3. Since the arrays 

were deployed and erected in the proper position for this flight's beta angle, no positioning was necessary 

I and none was performed. 

I 
I 

Data exists to describe completely the erection of the left solar array and it was completed 230 

sec after deployment was commanded. Only partial data is available for the other motions; however, data 

for the final portion of the deployment of the right array permits probable histories for all the motions to 

be sketched in on Fig. 6-3. It is estimated that the right solar array erected in 320 sec, The time for 

the right deployment was 650 sec and the time for the left deployment is estimated at 510 sec. Tempera-

tures of the left and right erection dampers were 63°and 65° F respectively. The right array also took 

I longer to erect and deploy during ground tests. 

I 
I 
I 
I 
I 
I 
I 
I , Handle via Byeman 
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7. 1 SOFTWARE 

SECTION VII 

OPERATIONAL SUPPORT 

Handle via Byeman 
Controls Only 

The software configuration used to support this mission was TUNITY (IOC) and AOES/Tracking 

Station Model 13G. Using a nominal three rev load cycle, 223 command messages were loaded. There 

were no software problems identified during the mission which impacted flight objectives. A problem 

known prior to 1201 launch within the selection algorithm slightly favored the first operation on a rev over 

the others. This resulted in some operations being chosen at less than the desired efficiency though they 

were still valid intelligence requirements. Based upon experience from this mission, immediate 

corrective action within the software for Mission 1202 has been initiated. 

7.2 SATELLITE TEST CENTER (STC) 

There were a total of 310 messages generated and checked. Of these messages, 256 were approved 

for loading, of which 33 were contingency messages generated but not loaded. Of the 54 rejected 

messages, 32 were a result of communication problems or misunderstandings regarding original 

generation requirements. The remaining 22 were caused by problems within the software, for which 

corrective action is under consideration or being implemented. There were no STC problems which 

impacted the mission objectives. 

7.3 REMOTE TRACKING STATION (RTS) 

With one minor exception, the Remote TraCking Stations furnished all support required to meet 

mission objectives. The exception was a COOK power failure which forced deletion of a planned 

engineering test on Rev 55. 
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APPENDIX A 

REFERENCES 

1. HEXAGON Program Preliminary Post Flight Report For Flight No.1. Technical advisory report, 

BIF-I07W -71054-71, 11 August 1971. ~ 

2. Flight Test Engineering Analysis Report For The HEXAGON Program Satellite Vehicle No.1. 

LMSC Integrating Contractor, BIF-003-W /2-065766-71, 25 August 1971. (TIil/R) 

3. Flight Test Objectives/Performance Analysis (T ill D-1 Post Flight Report). Martin-Marietta 

Report, MCR-7 -251, September 1971. 

4. Titan III D-1 Flight Test Report. Western Electric Company Report, 82,493 28 July 1971. 

5. Flight Analysis Report -- Reentry Vehicle 1-1 thru 1-4. McDonald-Douglas Reports 

1-1 BIF-077/001W-1167-71 

1-2 BIF-077/001W-1168-71 

1-3 BlF-On /OOIW -1169-71 

1-4 BIF-077/001W-1170-71 
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ACS 

BFE 

BV 

CCC 

CORN 

CV 

DIU 

ECS 

EDAP 

ESD 

ESO 

FCEA 

FOSR 

Fps 

FST 

g 

HS 

HSA 

Hz 

ICD 

Ips 

IRA 

MCM 

MCS 

MONO 

NSPC 

OA 

OAS 

OB 

OP 

P 

Attitude Control System 

Best Fit Ephemeris 

Booster Vehicle 

Charge Current Controller 

Controlled Range Network 

Constant Velocity 

Data Interface Unit 

APPENDIX B 

GLOSSARY 

Extended Command System 

Electrical Distribution and Power 

Emergency Shut Down 

Emergency Shut Down Override 

Flight Control Electronics Assembly 

Flexible Optical Solar Reflector 

Feet per Second 

Flight Support Team 

Gravity 

Horizon Sensor 

Horizon Sensor Assembly 

Cycles per Second (HERTZ) 

Interface Control Document 

Inches per Second 

Inertial Reference Assembly 

Mapping Camera Module 

Minimal Command System 

Monoscopic Operation 

Normal Stored Program Command 

Orbit Adjust 

Orbit Adjust System 

Optical Bar 

Camera System Operation 

X-axis Magnetometer Output 

PCM Pulse Code Modulation 
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PDA 

PDJB 

PDWN 

PFA 

PGR 

PIP 

P/L 

PMU 

PVA 

Q 

R 

RCS 

REM 

APPENDIX B 
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Positional Drive Assembly (Solar Array) 

Power Distribution J -Box 

Pitch Down 

Post Flight Analysis 

Pitch Gyro Rate 

Predicted Impact Point 

Payload 

Programmable Memory Unit 

Pitch Vehicle Attitude 

Y -axis Magnetometer Output 

Z -axis Magnetometer Output 

Reaction Control System 

Reaction Engine Module 

REV Orbital Revolution 

RGR 

RPS 

RTS 

RV 

RVA 

SBA 

SBAC 

SCC 

SCF 

SDV-3 

SECO 

SGLS 

SOLO 

SPC 

SPEC 

SPL 

Roll Gyro Rate 

Reserve Power System 

Remote Tracking Station 

Reentry Vehicle 

Roll Vehicle Attitude 

Satellite Basic Assembly (Aft Section) 

Satellite Basic Assembly Contractor 

Subsystem Command and Control 

Satellite Control Facility 

Satellite Development Vehicle 

Stage II Engine Shut Off 

Space Ground Link System 

Operations Beyond the Primary Mission 

Stored Program Command 

SpeCification 

Sound Pressure Level 

SRM Solid Rocket Motor 

SSC Sensor Subsystem Contractor 

STC Satellite Test Center 
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SV 

TM 

TT&C 

VCO 

Vs 

VSPC 

VX/h 

Vy/h 

YGR 

YVA 

Satellite Vehicle 

Telemetry 
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Telemetry, Tracking and Control 

Voltage Control Oscillator 

Coarse Film Path Velocity 

Variable Stored Program Command 

Orbital Angular Rate, In-Track 

Orbital Angular Rate, Cross-Track 

Yaw Gyro Rate 

Yaw Vehicle Attitude 
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